Nanoparticles based on N-trimethylchitosan: evaluation of absorption properties using in vitro (Caco-2 cells) and ex vivo (excised rat jejunum) models.
Among the chitosan derivatives, trimethylchitosan (TMC) has been shown to have penetration enhancement properties also in intestinal environment. In addition, the use of nanoparticulate systems has the advantage of protecting peptidic drugs from intestinal degradations, due to internalisation behaviour. Therefore, the aim of this paper was to evaluate nanoparticulate systems based on TMC. In particular the mucoadhesive and absorption enhancement properties of nanoparticles based on TMC with different quaternization degree (QD) intended for the intestinal administration of macromolecules (peptides) have been evaluated. Comparison with chitosan (CS.HCl) nanoparticles was made. The nanoparticles were loaded with fluorescein isothiocyanate dextran (FD4, MW 4400 Da), used as the model macromolecule. The intestinal penetration enhancement properties of nanoparticles were investigated in an in vitro Caco-2 cell model and an ex vivo rat jejunum model. The mucoadhesion of the nanosystems was evaluated using excised rat jejunum. All of the nanoparticulate systems interacted with the Caco-2 cells decreasing the transepithelial electric resistance (TEER) and increasing Lucifer Yellow (LY) Papp (paracellular pathway marker). All the nanosystems improved FD4 Papp, with the exception of the nanoparticles based on TMC with the highest QD. In this case an entrapment of nanoparticles into Caco-2 cells was supposed. Analogous results were obtained using the excised rat jejunum model. The increase in QD of TMC was seen to favour the mucoadhesion, resulting in a prolonged residence time on intestinal mucosa. The nanoparticle penetration into excised rat jejunum tissue, observed by means of CLSM, suggested that the mucoadhesive properties delayed the absorption of nanoparticles, however they produced an increase in the contact time with intestinal epithelium, offering a better chance for internalisation. The improvement of mucoadhesion and of nanoparticle internalisation with respect to chitosan nanosystems makes the TMCs nanosystems suitable carriers for the intestinal absorption of peptides.